India, and Mediterranean countries. 3 Globally, India accounts for 14.5% of the total new-borns with SCD. 4 The first description of sickle hemoglobin in India was by Lehman and Cutbush in 1952 in the tribal populations in the Nilgiri hills in South India. Many population groups have been screened in India and the sickle cell gene has been shown to be prevalent among three socioeconomically disadvantaged ethnic groups -the scheduled tribes, the scheduled castes and other backward classes. 5 The primary pathophysiology of SCD is due to the polymerization of HbS in low oxygenated conditions with formation of long fibers within the RBCs making them fragile and sickle shaped. These cells are prone to increased breakdown causing hemolytic anemia, and vaso-occlusion in the small blood vessels, resulting in most of the clinical features of this multi organ disease. Red cell dehydration, abnormal adhesion of RBCs to the vascular endothelium, inflammatory events, and activation of all the cells in the vessel and abnormalities of nitric oxide metabolism have been attributed to trigger a vasoocclusive event. 6 Acute complications of SCD include ischemic, vasoocclusive (pain) crises, acute chest syndrome, stroke, splenic sequestration, acute renal failure, and cholecystitis. Chronic complications include chronic pain, cholelithiasis, renal dysfunction, hypertension, pulmonary hypertension, and retinal problems, leg ulcers and avascular necrosis of femoral and humerous head and increased propensity for infections and sepsis. 7 Pregnancy in sickle cell women has numerous obstetrical, non-obstetrical, and fetal complications. SCD has been proposed to be a chronic inflammatory state. 8 Endothelial damage secondary to sickled red blood cells and the subsequent release of proinflammatory cytokines may contribute to microvascular damage. Normal vascular, endothelial, and inflammatory adaptations in pregnancy may lead to exacerbation of these pathophysiologic changes, with manifestation of resulting maternal complications such as preeclampsia and fetal growth restriction. 9 Maternal problems can arise from chronic underlying organ dysfunction such as renal disease or pulmonary hypertension, from acute complications of SCD such as vaso-occlusive crises and acute chest syndrome, and from pregnancy-related complications. The main maternal complications of pregnancies complicated by sickle cell disease are anemia, infection, vasoocclusive crisis, and preeclampsia. 10 Fetal problems affecting perinatal outcome are intrauterine growth restriction, premature birth, abnormal fetal heart rate, and intrauterine fetal death. 8 Complications of sickle cell disease precipitate preterm labour and increase the risk of caesarean section to improve the pregnancy outcome. 11 High maternal and fetal mortality are seen in pregnant mothers with sickle cell disease. 12 The aim of this study was to study the maternal and perinatal outcomes in pregnancies complicated by sickle cell disease.
METHODS
It was a retrospective observational study including all pregnant women with sickle cell disease after 20 weeks of gestation who had antenatal care and delivery in the Department of Obstetrics and Gynecology, Government Medical College, Kozhikode from January 2014 to December 2016. The information about each pregnancy was collected by reviewing all available medical records of these women.
The information recorded for each woman were age, parity, genotype of sickle cell disease and whether belonging to tribal population or not. Maternal morbidity was assessed by analyzing both medical and obstetric complications (anemia, infectious morbidity, sickle cell crises, IUGR, gestational hypertension, eclampsia, abruption, and preterm labour pain). Severity of anemia and the need for blood transfusion were analysed. Anemia among pregnant women was taken as hemoglobin level less than 11 g/dl, and severe anemia defined as hemoglobin level less than 7 g/dl. The details of labor as gestational age at delivery, whether induced or spontaneous, and mode of delivery were collected. The perinatal outcome was measured by analyzing the Apgar score, birth weight, and need for NICU admission and mortality. Low birth weight was defined as weight less than 2.5 kg and very low birth weight was defined as weight less than 1.5 kg. These data were recorded in an Excel spreadsheet and later compiled for statistical analysis. Data are presented as descriptive statistics with frequencies and percentages.
RESULTS
There were 46,562 deliveries in the Department of Obstetrics and Gynecology during the period of 3 years from January 2014 to December 2016 of which 72 (0.15%) were women with sickle cell disease. SCD accounted for 0.79% of the 9146 antenatal women complicated by anemia during the study period.
Age distribution of the patients ranged from 19 to 39 years with a mean of 26.6 years ( Table 1) . Majority (63.89%) of the women with SCD were multiparous while 36.11% were nulliparous being primigravidae or with one or more previous abortions Of the study population, 90.27% (n = 65) women belonged to the tribal population with majority hailing from different areas of Wayanad district and 2 of them from Nilambur taluk of Malappuram district located close to the Nilgiris range of Western Ghats. Only 9.72% (n = 7) patients were non-tribal of which 4 patients were from different areas close to the Nilgiris.
Genotypically 54.17% (n = 39) women were of HbSS (sickle cell anemia), 44.44% (n = 32) were HbAS of (sickle cell trait) and 1.39% (n = 1) were HbS-β thalassemia trait.
83.33% (n = 60) were diagnosed cases of sickle cell disease, while 16.67% (n = 12) had the disease diagnosed during antenatal period in the index pregnancy, while evaluating for anemia or jaundice ( Table 2 ). Of the newly diagnosed 12 cases, 7 had sickle cell anemia and 5 had sickle cell trait.
Two women with sickle cell anemia diagnosed in the index pregnancy were multigravidae with no maternal morbidity in the previous pregnancy other than mild anemia, but with low birth weight baby for one and recurrent abortions for the other. Of the sickle cell trait patients diagnosed in the index pregnancy, 4 were primigravidae with no previous symptoms and one was a multigravida with a previous uneventful pregnancy. The most significant obstetric complication noted during pregnancy was hypertension (pre-eclampsia and gestational hypertension) and its complications like eclampsia and HELLP syndrome ( Table 3 ). Antepartum eclampsia occurred in 2 women, while intrapartum and postpartum eclampsia occurred in one each. Intrauterine growth retardation (IUGR) was observed in more than one third of the women in the study population. Ultrasonogram finding of oligohydramnios was observed in 13 women (18.06%) of which 8 showed abnormal flow in umbilical and middle cerebral artery Doppler. Gestational diabetes and preterm labour pain had almost similar rate of occurrence as in the general population attending the institution, while abruptioplacenta had a slightly high incidence. There were no cases of PROM, placenta previa and malpresentations. The commonest medical complication observed in these women during pregnancy was anemia ( Labour was induced in 29.67% (n =21) of the SCD women most of them (n=15) for IUGR and hypertensive complications. Sickle cell crisis with worsening maternal condition was the indication for induction of labour in 2 patients. Two women each were induced for intrauterine fetal demise and postdatism respectively.
Majority of the women (75%) in the study population had term delivery (Table 5 ). 18.06% patients had delivered preterm, of which 4 were induced and 3 had elective preterm caesarean section for obstetric indications.
One patient who was induced for HELLP syndrome underwent preterm emergency LSCS for failed induction. Only 6 (8.33%) patients had spontaneous onset of preterm labour. Of those who delivered past date, two went into labour spontaneously, two had induced labour and one (previous CS) underwent elective caeserean section. (Table 6 ).
Elective primary caesarean section had to be done in 3 women with severe IUGR showing absent or reversal of flow in umbilical artery Doppler study. Atonic PPH occurred in one woman (1.39%) with sickle cell anemia, which was controlled by medical management and blood transfusion. None of the women had thromboembolism in the antepartum or postpartum period. Heparin was given prophylactically to all women with HbSS in the postpartum period.
There were no cases of maternal mortality. The number of low birth weight babies were high (56.94%) due to IUGR and prematurity ( Table 7 ) and 12.5% had very low birth weight of less than 1.5kg. Mean birth weight was 2.1 kg. (Table 8 ).
There were two neonatal deaths due to perinatal birth asphyxia. The perinatal mortality rate was 69.4/1000 deliveries. None of the babies had congenital anomalies.
DISCUSSION
Kerala is one of the high prevalence states for SCD and the disease is commonly seen in scheduled tribes. 13 It has been reported that the sickle cell disease is 30% prevalent in North Kerala especially in the hilly tracts of Wayanad district. 14 Our centre (Government Medical college, Kozhikode, Kerala) is the only tertiary care referral centre in the public sector which caters to the districts of Wayanad and the Nilgiris which has the maximum prevalence for SCD in South India. With more awareness about the disease and with better treatment options and facilities, more females are reaching the child bearing age. This has led to an increase in the number of pregnant SCD patients (mostly tribal) attending our institution. In this study, sickle cell disease was found in only 0.15% of the women delivering in our institution which was similar to the 0.2% in Port Harcourt, Nigeria where there is a predominance of SCD. 12 This low incidence may be because the tribal antenatal women with complications only, are attending this institution and those with undiagnosed SCD especially the ones with sickle cell trait (without any symptoms) may be delivering in their nearby health centres.
Though our SCD patients also had a higher incidence of miscarriages and perinatal mortality in previous pregnancies, it was not as high (above 20%) as reported. 10, 15 Pregnancy in sickle cell women is at high risk for maternal and fetal complications than in general population. 9, 15 Similar to many other studies, we found that obstetric complications like preeclampsia and gestational hypertension were high in women with sickle cell disease with a higher risk in homozygous (HbSS) genotype. [9] [10] [11] [15] [16] [17] [18] [19] Eclampsia which is a life threatening complication of preeclampsia was reported to be 10 times high in HbSS women. 17 This study also showed a higher incidence of eclampsia in consistent with an earlier metaanalysis and also reports from other states of India. 9, 11, 20 Intrauterine growth restriction was seen in more than onethird of the SCD women and such a higher incidence was shown in literature. 17, 18, 21 Chronic maternal anemia and hypertension in pregnancy resulting in reduced placental perfusion is the most likely reason for intrauterine growth restriction. But, unlike reported earlier, GDM and was comparable with normal population. 15, 17 As previously reported, present study showed a 100% incidence of moderate to severe anemia in HbSS antenatal women; while there were studies with anemia as less as 8.4%. 9, 22, 17 But we found anemia in only 46.88% of HbAS women as against the 95% in earlier reports. 11 More than 60% of sickle cell deliveries required blood transfusion with about a third of the total patients requiring three or more transfusions which was very high comparing with 52.7% transfusions as reported recently by Desai G et al with only 8.4% requiring 3 or more transfusions. 20 Sickle cell crisis, one of the acute complication of SCD has been shown to increase antepartum hospital admissions. 19, 21 Pregnancy has been shown to exacerbate sickle cell crises with as high as 100% incidence of vasoocclusive crisis in pregnant women with SCD. 12, 19, 22, 23 Pinto S et al has reported vasoocclusive crisis in 61.7% of pregnant SCD patients and acute chest syndrome as high as 29.4%. 15 However, about 18.05% of vaso occlusive crisis and 5.56% of acute chest syndrome were observed in this study, which is consistent with an observational study in French Guiana where SCD has an incidence of 1 in 235 births. 10 Infective complications observed in this study were mainly urinary tract infections and pneumonia which were controlled without further complications. 17, 19, 22 Infections was the cause of maternal mortality in 82% of SCD women in Tanzania. 24 Unlike many studies which showed a higher rate of malarial infections in pregnant women with SCD, we did not have a single patient with malaria. 12, 22, 24 Women with sickle cell hemoglobinopathy have been found to have a higher risk for preterm delivery. [9] [10] [11] [12] [15] [16] [17] 20, 21 According to Desai G et al and Ugobama et al, the incidence of preterm birth was as high as 44-45%. 12, 20 Our incidence was 18.06% which was consistent with the 2-fold increased risk in SCD women. 9 Caesarean deliveries were also more either due to maternal or fetal complications. 10, 11, 16 SCD in pregnancy has been associated with low birth weight (LBW) and was observed in about 50% pregnancies by Ugboma et al. 12 There was a nearly fourfold increased risk of infants being born small for gestational age (<10 th centile) in women with HbSS disease (RR, 3.72; 95% CI, 2.32-5.98) when compared with non SCD women. 9 Factors responsible for this may be lower gestational age at delivery, maternal anemia, preeclampsia and intrauterine growth restriction. We had 56.94% babies less than 2.5 kg at birth similar to the higher rates observed earlier. 11, 16, 17, [20] [21] [22] 24 Acute chest syndrome, sepsis and multiorgan failure have attributed to the higher incidence of maternal losses among SCD women. 9, 12, 15, 19, 22 Despite many lifethreatening complications, there were no maternal mortality in present study. 10, 21 This may be due to the improvement in the primary health care facilities and early reference of the SCD patients from the remote tribal areas to our institution. Also, the survival rate of sickle cell anemia appears to be higher in Kerala compared to other Indian states. 14 High risk of still births and neonatal mortality has been reported in India as well as in other countries in pregnancies complicated by sickle cell disease. 9, [11] [12] [13] 15, 17, 22 We also had a high perinatal mortality primarily due to growth restriction. But, few previous studies have shown no increase in the perinatal mortality. 10,21
CONCLUSION
This study has identified an increased morbidity in pregnancy in women with SCD due to hypertensive disorders, aggravation of anemia and sickle cell crises. Perinatal outcome was also found to be adverse with increased perinatal mortality. As most of the study population was identified to belong to the scheduled tribe population, active screening programmes need to be undertaken in the public health sector to identify women with sickle cell disease. Also, measures should be taken to give better care for them through improved preconception awareness and counselling about the disease, early and better antenatal care, prompt identification and treatment of complications and early referral to tertiary care facilities 
